CLAIMS 



1 . (Currently amended) A receiver for identifying a message based upon a received signal, 
the receiver comprising: 

a processor that generates a minimum threshold and a maximum threshold representing a range 
for each of a plurality of possible message levels , wherein the &iz e s of the laugcs a r c different for at least 
two o f the message levels , and 

a comparator that identifies the message by comparing the received signal with the generated 
minimum and maximum thresholds , wherein, for each of the possible message levels, the processor is 
adapted to: (A) deter mine a respective probability densitv function having a mean value and a spread: 
and (B) based on said mean value and said spread, generate the respective minimum threshold and the 
respective maximum threshold . 

2. (Original) The receiver according to claim 1, wherein the minimum and maximum 
thresholds are a function of an interrelationship between noise and the message level. 

3. (Original) The receiver according to claim 2, wherein the minimum and maximum 
thresholds are a function of the interrelationship between digital impairment and the message level. 

4. (Original) The receiver according to claim 2, wherein the minimum and maximum 
thresholds are a function of the interrelationship between coherent noise and the message level. 

5. (Currently amended) The receiver according to claim 1, wherein , for each of the possible 
message levels, the generated minimum and maximum thresholds define a respective range , which has 
wherein a probability of correctly identifying the respective message that receiving a selected signal 
exceeds a selected probability PO. 

6. (Currently amended) The receiver according to claim 5, wherein the processor includes a 
means for calculating the respective mean value, Lev(i), for each message level, where i is an index that 
identifies an i-th message level w i thin a yiel t AJrri r; ^ ngi - i1 <> finrH hy a 1^ r 1 i■ r f^■^ ■■■ Pm i n i muui riud 
maximum tlu 'c sholds . 



7. (Currently amended) The receiver according to claim 6, wherein the processor includes a 
means for calculating a distance d(i) between the i-th message level and an adjacent fi+lVth message 
received signal levels, the distance d(i) being calculated according to the equation: 

d(i) = Lev(i+1) ~ Lev(i) - Lmse(i+1) - Lmse(i), 
wherein tli e t erm "i 1 1" identifi e s a messag e level adjacent th e i^ message level in a constellation design 
for the receiver and whcicin where Lmse(i) is t he l e v e l a.mean square error associated with the spread of 
the probability densitv function for the t* j-th message level . Lmsefi+n is a mean square error associated 
with the spread of the probability densitv function for the adjacent message level and Levri+l) is the 
mean value for the H+D-th message level . 

8. (Original) The receiver according to claim 7, wherein the distance d(i) > d^i„ for all 
message levels. 

9. (Currently amended) The receiver according to claim 7 [[1]], wherei n, for at least two 
message levels t he pmcesMi i i i i LJi i rliv<: mr^ i K fnr i4hi ' i ii nn i M B ^ ' tishn'T d(i) b ft ^v f rn r r r c ivcd :iyul 
levels, the respective distances d(i) having have different values for a pluialit> of message l e v e ls . 
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10. (Currently amended) A method of forming a constellation design having a selected 
number of message levels, the constellation design forming part of a receiver that identifies a transmitted 
message based upon a received signal, the method comprising; 

determining a minimum threshold and a maximum threshold representing a range for each of a 
plurality of possible signal message levels , wherein the sizes of t he ranges arc differen t for a t leas t two of 
the message levels , and 

calculating Ac distance d(i) between the maximum threshold for MMLposstWc signal level ft) 
and the minimum threshold for an adjacent (i+lUh p ossibl e signal message level fi+ H, where i is an 
index that identifies an i-th message level wherein, for each of the possible message levels, the step of 
determini ng comprises: (A) determining a respective probabilitv densitv function having a mean value 
and a spread: and (B) based on said mean value and said spread, generating the respective minimum 
threshold and the respective maximum threshold . 

1 1 . (Currently amended) The method according to claim 10, wherein the dc t cnnining step of 
determining the minimum threshold and the maximum threshold comprises the steps of: 

iden t i f yring a probabili t y densi t y functiuii f o r each possible signal level Y, and 
for each o f the possible signal levels, identifying the minimum and maximum thresholds 
as the boundaries of a range , which has a probabilitv in t he id e ntified piubabili t y densi t y f unc t ion 
wherein the probability of correctly receiving a s e l c tl e d identifying the transmitted message level that 
exceeds a selected probability PO. 

12-13. (Canceled) 

14. (Currently amended) The method according to claim 10 [[ 1 3]], further including the step 
of calculating the distance d(i) in accordance with the equation: 

d(i) = Lev(i+1) - Lev(i) - Lmse(i+1) - Lmse(i),: 
wherein the term "i 1 1" identifies a messag e level adjacent th e i^ message level in the 
constellati on design f o r the receiver and whei e iii where Lmse(i) is a mean square error associated with 
the spread of the prob abilitv densitv function for the i*^ i-th message level Lmsefi+n is a mean square 
error associated with th e spread of the probabilitv densitv function for the adjacent t he level in i Lai i sguair 
ciTor for the i*-message leve l Levfi) is the mean value for the i-th message level, and Levfi+1) is the 
mean value for the fi+lVth message level . 

15. (Currently amended) The method according to claim iO [[13]], further comprising the 
step of identifying determining whether the calculated distance d(i) > d^i„, wherein d^i„ represents a 
selected minimum value. 

16. (Original) The method according to claim 15, further comprising the step of adjusting the 
constellation design such that the distance d(i) > d^i„ for all received signal levels in the constellation 
design. 

17. (Currently amended) The method according to claim 14 [[12]], further comprising the 
step of calculating the mean value, Lev(i), according to the equation: 

wherein L(ik) Ts-fttc designates training data points received by the receiver, and 
N is the number of times that a training signal corresponding to the i-th message t i ' aining data foi 
thc-r* level is sent. 
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18. (Currently amended) The method according to claim 17, further comprising the step of 
calculating the a standard mean square error, ct^, according to the equation: 



19. (Currently amended) The method according to claim 18, further comprising the step of 
calculating the a mean square error for the i-th message level. Lmse(i)^ according to the equation: 

Lmse = aa^ , 

where a is a coefficient parametrically defined by the following equation: 

PO = ^ , where PO is a selected probability and x is an integration variable. 

-00 



20. (Canceled) 

21 . (Currently amended) A method of identifying a message based upon a received signal, 
the method comprising: 

receiving the signal, 

providing a minimum threshold and a maximum threshold representing a range for each of a 
plurality of possible message levels , wher e in ili e sizes o f t he ranges arc diff e ren t f o r a t leas t two of the 
message Lvels , and 

identifying the message by comparing the received signal with the generated minimum and 
maximum thresholds , wherein, for each of the possible message levels, the step of providing comprises: 

(A) determining a res pective probabilitv density function having a mean value and a spread: and 

(B) based on said mea n value and said spread, generating the respective minimum threshold and the 
respective maximum threshold . 



22. (Original) The method according to claim 2 1 , wherein the minimum and maximum 
thresholds are generated as a function of an interrelationship between noise and the message level. 

23. (Original) The method according to claim 22, wherein the minimum and maximum 
thresholds are generated as a function of the interrelationship between digital impairment and the 
message level. 

24. (Original) The method according to claim 22, wherein the minimum and maximum 
thresholds are generated as a function of the interrelationship between coherent noise and the message 
level. 



25 . (Currently amended) The method according to claim 2 1 , f urther comprising the step uf 
wherein, for each of t h e possible message levels, calcula t in g a variahlg. r; i n^ff T .nr < i r ( i ) fn i- t ^ M - h pngg i l i l r 
message le vel Y, Liiihe(i) represen t ing one-half t he distance be t ween the iiiiiiiinum and inaAimuiii 
tlii-csholds f o r each possible m e ssage level, wh c reui the respective minimum and maximum thresholds 
define a range wherein the probability of correctly identifying the respective message recei ving a sel e t led 
signal exceeds a selected probability PO. 
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26. (Currently amended) The method according to claim 25, furthei ' including the step of 
calculating the mean value, Lev(i), where i is an index that identifies an i-th message level wi t hin a 
selec t ed range defined by a selec t ed se t of minimum and maximum t lircsholds . 

27. (Currently amended) The method according to claim 26, furth e r including the step of 
calculating a distance d(i) between received signal levels, t he dis t ance d(i) being calcula t ed according to 
the equation: 

d(i) = Lev(i+1) - Lev(i) - Lmse(i+1) - Lmse(i), 
where Lmse(i) is a mean square error associated with the spread of the probabilitv density function for 
the i-th message level Lmse(i+n is a mean square error associated with the spread of the probabilitv 
density function for an adjacent (i+lVth message level, and Levfi+H is the mean value for the (i+lVth 
message level. 

28. (Currently amended) The method according to claim 27 [[21]], furth e r including th e st e p 
o f d ete rmining a distanc e d(i) be t ween received signal l e vels, wherein, for at least two of the possible 
message levels, the respective distances d(i) having have different values for a plurali t y o f message 
levels. 

29. (Canceled) 

30. (Currently amended) The method according to claim 27 [[28]], further comprising the 
step of iden t ifying determining whether the calculated distance d(i) > d^i„, wherein d^i„ represents a 
selected minimum value. 

3 1 . (Currently amended) The method according to claim 30, further comprising the step of 
adjusting a constellation design such that the distance d(i) > d^^ for all r eceived signal message levels in 
the constellation design. 

32-33. (Canceled) 

34. (Currently amended) The method according to claim 26 [[33]], further comprising the 
step of calculating the mean value, Lev(i), according to the equation: 

wherein L(ik) is the designates training data points received by t he rec e iver , and 
N is the number of times that a training signal corresponding to the i-th message training data foi 
thc4* level is sent. 

35. (Currently amended) The method according to claim 34, further comprising the step of 
calculating the a standard mean square error, o^, according to the equation: 

(y' = ^i[L(i)-Lev(i)f. 

36. (Currently amended) The method according to claim 35, further comprising the step of 
calculating ttrc a mean square error for the i-th message level. Lmse(i)^ according to the equation: 

Lmse = CXC^ , 

where a is a coefficient parametrically defined by the following equation; 
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~ ~ 1^2 ' where PO is a selected probability and x is an integration variable. 



37-39. (Canceled) 

40. (Previously presented) A method of forming a constellation design having a selected 
number of (i) message levels, the constellation design forming part of a receiver that identifies a 
transmitted message based upon a received signal, the method comprising: 

determining a minimum threshold and a maximum threshold representing a variable range for 
each of a plurality of possible signal levels in the constellation design, and 

calculating the distance d(i) between possible signal levels based upon the determined minimum 
and maximum thresholds, including the steps of: 

determining the mean value, Lev(i), for a selected variable range identified by a selected 
set of minimum and maximum thresholds, and 

calculating the distance d(i) as a function of Lev(i) in accordance with the equation: 

d(i) = Lev(i+1) - Lev(i) - Lmse(i+1) - Lmse(i); 
wherein the term "i+1" identifies a message level adjacent the i*** message level in the constellation design 
for the receiver and wherein Lmse(i) is the level mean square error for the i**" message level. 

41 . (Previously presented) A method of forming a constellation design having a selected 
number of message levels, the constellation design forming part of a receiver that identifies a transmitted 
message based upon a received signal, the method comprising: 

determining a minimum threshold and a maximum threshold representing a range for each of a 
plurality of possible signal levels; 

calculating the distance d(i) between possible signal levels based upon the determined minimum 
and maximum thresholds, including the steps of: 

determining the mean value, Lev(i), for a selected variable range identified by a selected 
set of minimum and maximum thresholds, and 

calculating the distance d(i) as a function of Lev(i); 

identifying whether the calculated distance d(i) > d^^,,, wherein d^i„ represents a selected 
minimum value; and 

adjusting the constellation design, when d(i) <. d^j^. 

42. (Canceled) 

43. (Previously presented) A method of identifying a message based upon a received signal, 
the method comprising: 

receiving the signal, 

generating a minimum threshold and a maximum threshold representing a variable range for each 
of a plurality of possible message levels in a single constellation design, and 

identifying the message by comparing the received signal with the generated minimum and 
maximum thresholds, wherein the generating step includes the step of calculating a variable range 
Lmse(i) for each possible message level Y, Lmse(i) representing one-half the distance between the 
minimum and maximum thresholds for each possible message level, wherein the minimum and maximum 
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thresholds define a range wherein the probabiHty of correctly receiving a selected signal exceeds a 
selected probability PO. 

44. (Previously presented) A method of identifying a message based upon a received signal, 
the method comprising: 

receiving the signal, 

generating a minimum threshold and a maximum threshold representing a variable range for each 
of a plurality of possible message levels in a single constellation design, 

identifying the message by comparing the received signal with the generated minimum and 
maximum thresholds, and 

determining a distance d(i) between received signal levels, the distance d(i) having different 
values for a plurality of message levels, including the steps of: 

determining the mean value, Lev(i), for a selected variable range identified by a selected 
set of minimum and maximum thresholds, and 

calculating the distance d(i) as a function of Lev(i). 

45-50. (Canceled) 

5 1 . (Previously presented) The method according to claim 4 1 , wherein the step of adjusting 
comprises removing from the constellation design a message level that gives rise to d(i) < d^i„. 

52. (Previously presented) The method according to claim 41 , wherein the sizes of the ranges 
are different for at least two of the message levels. 
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